O avoid the possible disadvantages of cervical laminectomy, 3, 6, 8, [10] [11] [12] 16, 25, 36 several authors have recently described various cervical laminoplasty techniques, including open-door laminoplasty, tension-band laminoplasty, suspension laminotomy, and double-door laminoplasty. 14, 15, 25, 29, 33 We describe a new laminoplasty technique involving the placement of porous HA laminar spacers and malleable titanium miniplates. The posterior elements of cervical spinal column are stabilized in a "lift-up" position. This technique can be used for all posterior approaches, is technically simple, and provides a satisfactory decompression of the cord. Rigid fixation of laminae enables early mobilization of patients.
The remaining 18 men and three women ranged in age from 27 to 81 years (mean 54.5 years). The mean followup period was 24.3 months (range 7-56 months). The number of resected laminae ranged from three to seven (mean 5.3 laminae). In one patient with cervical stenotic myelopathy and two patients with cervical tumor, kyphotic deformity developed prior to surgery. In all other patients lordotic or neutral curvature of the cervical spine was documented. Gross spinal instability was not present in any case.
Operative Technique
The patient is placed in a semiprone-park bench position with the head slightly flexed in a Mayfield head holder. A standard posterior midline approach allows exposure of the cervical laminae at the targeted operative levels and laterally to the facet joints. The inter-and supraspinous ligaments are preserved. Osteotomy of laminae is performed either by making a narrow gutter along the medial aspect of the facet joints bilaterally to enter the canal by using a small spherical burr or by transecting the laminae by using a small cutting burr with craniotome attachment (Midas Rex Pneumatic Tools, Inc., Fort Worth, TX) (Fig.  1A) . The inter-, supraspinous, and yellow ligaments are sharply dissected at the upper and lower level of laminotomy, and the laminae are removed en bloc. Additional resection of the lamina edge or a posterior foraminotomy can be performed for additional posterior decompression.
To expand or remodel the laminae in good position, the newly designed HA laminar spacers, available in three sizes, are used (Fig. 1B) . Miniplates (TiMesh Inc., Las Vegas, NV), made of malleable titanium, are first fixed with 4-mm screws on either side of the resected laminae.
The laminar spacers are then tied to these miniplates by using No. 1-0 nylon suture (Fig. 1C) . The newly reconstructed laminae are secured with self-tapping 4-mm titanium screws implanted on the lateral mass (Fig. 1D) . The number of screws and the shape of miniplate used for fixation are chosen depending on each case. Care is taken not to insert the screw into the facet joint. Remodeling of the spinal canal is possible by using appropriate sizes of spacers. The shape of the spacer is designed so that it adjusts adequately to the adjoining cut edges of the laminae (Fig.  2 ). There are 3-, 5-, and 8-mm-long spacers. The width of each spacer is 6 mm, which is approximately half the width of the lamina. Larger-size spacers are used when an expansive laminoplasty is planned. A combination of spacers of different sizes is also possible for each side at one level. At the end of the procedure, the HA spacers and miniplate appear to bridge the resected lamina and lateral mass (Fig. 3) . After reconstruction of laminae, these inter-and supraspinous ligaments are also reconstructed by suturing to rostral and caudal nuchal ligaments, followed by a procedure in which the paravertebral musculature and fascia are also sutured to these ligaments. The wound is closed in layers in the usual fashion.
A soft collar is used to facilitate patient comfort during the 1st week after surgery. No other external orthosis is used.
Clinical Evaluation
The neurological status of the patient was evaluated using the NCSS, which provides scores for both motor and sensory function. 18 In this scale, the maximum score is 14 (no neurological deficits) and the minimum score is 3 (severe disability). Evaluation of the cervical spine included plain radiography, CT scanning, and MR imaging. The CT scans were obtained at regular follow-up intervals of 0, 1.5, 3, 6, 9, 12, and 24 months to assess for loosening of screws and to determine the success of osseous fusion between laminar spacers and bone edges. Postoperative radiographic studies were performed every 2 months. Lateral views of the most recent dynamic x-ray films were analyzed and compared with preoperative x-ray films to detect changes in the curvature of the cervical spine and changes in the ROM of the neck (Fig. 4) . The curvature of the cervical spine was determined by measuring the angle formed by two lines extending from the posterior borders of the C-2 and C-7 vertebral bodies in the neutral position. 19 The ROM was evaluated by the summation of the aforementioned cervical angle in flexion and extension. 19 We used a paired t-test for the statistical analysis.
Results

Operative Findings
In 15 cases of cervical stenotic myelopathy, a satisfactory decompression was achieved. The narrowed neural foramen could be decompressed under direct visualization. It was possible to achieve as extensive a decompression as was needed because different sizes of spacers allowed a wide range of laminar reconstructive possibilities. In six cases involving tumor, this procedure provided a wide operative field, which made tumor removal easy as in the standard laminectomy. Fixation of the transected laminae was so rigid that one could manually manipulate the patient's neck by moving the spinous processes of the reconstructed laminae during surgery.
Functional Outcome
In terms of neurological status in patients with cervical stenotic myelopathy, the preoperative NCSS scores ranged from 7 to 11, with the mean score of 9.4 Ϯ 1.4 (Ϯ SD). Postoperative NCSS scores ranged from 11 to 14, with the mean score of 12.5 Ϯ 0.8. The mean improvement rate in the NCSS score [improvement rate = (postoperative score Ϫ preoperative score)/(14 Ϫ preoperative score) ϫ 100%] was 67.1 Ϯ 16.4% (Table 1) . No postoperative deterioration of symptoms was demonstrated in any patient.
Radiological Outcome
Neuroimaging data obtained in the 21 patients who underwent more than 6 months of follow up are summarized in Table 2 . Postoperative MR imaging revealed good expansion of the dural sac in all cases (Fig. 5 ). Postoperative CT scanning demonstrated reconstructed laminae in satisfactory position. There was no hardware failure or screw loosening in any case. Bone fusion of the reconstructed laminae occurred: 1) the transected lamina was directly fused to the spacer; 2) the medial/lateral cut ends of lamina were fused with bridging bone over the surfaces of HA spacer; or 3) both. Of 21 cases, new bone formation around spacers was revealed on CT scan at 6 months in 18 cases. In the remaining three cases new bone formation was documented at 9 months (Fig. 6 ). New bone formed and consolidated around the spacer in all 18 cases in which the follow-up period was greater than 12 months. The bridging bone over the surfaces of the HA spacer was detected at least one of four surfaces including inner, outer, caudal, or rostral surfaces of spacers.
Cervical radiographs demonstrated the pre-and postoperative curvature of the cervical spine was 12.2 Ϯ 13.0˚ and 9.5 Ϯ 12.3˚, respectively (Ϯ SD), and there was no statistically significant difference (p = 0.043, paired t-test). Preoperative and postoperative ROM was 28.6 Ϯ 13.6˚ and 22.2 Ϯ 10.0˚, respectively, and there was a statistically significant decrease of ROM (p Ͻ 0.0001). A portion of ROM, however (postoperative ROM/preoperative ROM), was 81.4 Ϯ 13.9% preserved. As a result, postoperative worsening of spinal alignment was not apparent, although the ROM was decreased to some extent.
Discussion
Hirabayashi, et al., 12 first described the expansive laminoplasty involving the open-door technique as an alternative to conventional laminectomy in suitable cases of cervical stenotic myelopathy, in response to the reported 43% incidence of postoperative kyphosis in patients treated with multilevel laminectomy. Subsequently, several authors have described numerous techniques for laminoplasty, which could minimize postlaminectomy disadvantages such as fragility of the cervical spine, posterior bone spur formation, and the development of laminectomy-related membrane. 8, 9, [11] [12] [13] 16, 22, 23, 27, 28, 30 Based on the results obtained in these recent reports, laminoplasty can be recommended in all posterior approaches, including decompression surgery and tumor surgery, in place of laminectomy.
We observed certain advantages of our technique. The surgical technique is relatively easy compared with opendoor laminoplasty, double-door laminoplasty with or without spinous process roofing, and suspension laminoplasty 8, 9, [11] [12] [13] [14] 16, 22, 23, 27, 28, 30, 32 Because tedious wiring and bone grafting is not necessary with our method, operative time, blood loss, and the possibility of iatrogenic morbidity are all reduced. Additionally, the extent of decompression can easily be varied according to the case by selecting a suitable combination of spacers. In cases involving tumors, the extent of exposure can be as wide as desired. The method provides immediate stabilization of the laminae while maintaining the anatomical and biomechanical integrity. There is no need for any external orthosis or immobilization in the postoperative period.
To our knowledge, this is the first report detailing reconstruction of the laminae combined with HA laminar spacers and malleable miniplates. Despite the placement of soft malleable miniplates, the laminae could be firmly fixed, because there was no gap between laminar spacer and bone edge. The laminar space is the main structure that receives the mechanical force compressing laminae vertically or laterally because there is no gap between the spacer and bone edge. The spacers helped in reducing the force to miniplates, and the malleability of miniplates reduced the force to which the screws are subjected. Based on our experiences, screw loosening was more common in cases in which hard miniplates were used for laminar fixation without the spacers, perhaps because the stability of the laminae is directly provided by the miniplates and screws. In our series there was no hardware failure in any case documented during the follow-up period.
The mean postoperative preservation of ROM was 81.4 % of that preoperatively. This value is better than that reported in the previous studies. 14, 22 One reason for the biomechanical preservation could be that because no ex- ternal orthosis, except for a soft collar, is applied in the 1st postoperative week, contracture of paravertebral muscles responsible for the postoperative neck pain and restriction of cervical movement was avoided.
Appropriate biomechanical design of laminar spacer is crucial so that it can be placed in the laminar defect without any gap, providing a rigid fixation. In the initial cases, we used a regular trapezoid-shaped spacer, but a gap was seen between the inner side of spacer and bone edge of the lateral mass on postoperative CT scans. Thereafter, we remodeled the spacer to the present shape. The bone edge of lifted-up lamina needs to be parallel to that of lateral mass side, and the area of bone edge of laminar side is smaller than that of lateral mass side. To this end, an irregular trapezoid-shaped spacer was designed in which two parallel surfaces faced the bone edges.
Hydroxyapatite is a hydroxyl compound of calcium phosphate and is the main constituent of the naturally occurring bone matrix. 2, 17, 26, 31 It has been used effectively as a bone substitute in oral, plastic, otological, and orthopedic surgery in the past 20 years, and its biocompatibility and safety have been accepted. 4, 5, 7, 35 Several authors have used synthetic HA as a substitute for autologous bone grafts in cervical interbody fusion. 20, 23 The authors of experimental studies have demonstrated that bone union around porous HA is formed in two ways: bone ingrowth into the pores and formation of bridging bone on the surface of the implant (osteoconduction).
1,34 Akino 1 used porous material to perform anterior fusion in a dog model and found formation of new bone on the surface of the porous HA implant and in its pores 4 weeks after surgery. The amount of bone formation increases up to 8 weeks and then became stable. Kim, et al., 20 have used porous HA implants for interbody fusion and reported formation of bridging bone on the surface of implant within 6 months of surgery. In their series, the osteosynthesis progressed over time, and, finally, the implanted HA became entirely encased with new bone.
In our series, HA was implanted between the vascular- ized bone on the lateral mass side and the devascularized bone on the laminar side. Furthermore, the bone edge of lateral mass side was occasionally waxed for hemostasis. Nevertheless, new bone formation could be observed around the HA spacer in all cases within 9 months of operation and the process of osteosynthesis progressed. We presume that the osteoconduction on the surface of implanted HA might be a major mechanism of bone formation. With progression of osteoconduction, the implant becomes surrounded by autologous bridging bone and eventually is fused with reconstructed laminae.
Although the patient population is relatively small and the follow-up period is short, our technique appears to be an efficient method by which to obtain an immediate stabilization of the posterior elements of the cervical spine after expansive and nonexpansive laminoplasty.
